At the end of week 1, highest values of Hb, PCV and MCH were found in the lactate group (p < 0.01). At the age of 14 days, significantly higher plasma concentration of Fe and higher RBC were found in piglets supplemented with lactate paste (p < 0.01). On day 28 of life significantly higher values of most haematological indices were recorded in the group with i.m. administration of DeFe (p < 0.01). The two groups did not differ in their somatic development. In control piglets anaemia occurred on day 7 after birth.
Sideropenic anaemia of suckling piglets is a serious disease that should be prevented in time by iron supplementation. An administration of Fe 3+ in the form of dextran is the most frequently used method. Such supplementation is usually recommended to carry out on day 3 of piglet life (C arlsson 1974; Y u et al. 2002) . However, parenteral administration of iron to piglets after birth is not always free of health risks. Older papers published by Süveges and Glávits (1976) , Avram et al. (1982) , Kolb and Hoffmann (1989) reported potential toxic effects of sudden Fe influx into the organism. According to Kolb et al. (1992) , Morris et al. (1995) and Lehman (2001) a negative impact of parenterally administered Fe 3+ causes the inhibition of macrophages, weakening their phagocytic abilities. Other authors, e.g. Heinritzi et al. (1997) , claimed that a high supply of iron contributed to development of bacteraemia. Holmgren (1996) reported a more frequent occurrence of polyarthritis in this context. Fe pastes for oral administration were already developed and used in the past (Schmitz and Müller 1971) as a solution to frequent complications associated with parenteral supplementation of Fe. As the absorption of Fe 2+ is much better than that of Fe 3+ (Dietzfelbinger 1987) , only preparations containing bivalent iron are used for paste production. Experience in the use of ferrous sulphate (Schmitz and Müller 1971) , Fe fumarate (Svoboda and Drábek 2002) and Fe lactate (Kotrbáãek 2001) was described. Lactate is a compound with sufficiently high concentration of Fe 2+ ions necessary for oral administration. The bond of Fe to the organic acid commonly present in the organism is also an advantage. Good absorbability of lactate Fe was proved under experimental conditions in one-day-old piglets (Kotrbáãek 2001) . But no data on the practical administration of lactate paste for prevention of anaemia in piglets are available for the time being. The objective of the present study was to acquire such data in a piglet operation.
Materials and Methods
Experiments were conducted in a commercial farrowing house. Sows were transferred into farrowing pens a fortnight before parturition where they stayed until weaning, i.e. until day 28 of piglet life. Nine litters with the total number of 89 piglets were included in the experiment. Experimental piglets were divided into 3 groups. On day 3 after birth the first group of 39 piglets received a per os paste containing 134 mg Fe 2+ /piglet in the form of lactate (LaFe). Paste administration was repeated in these piglets on day 10.
On day 3 after birth a classical i.m. administration of 200 mg Fe 3+ /piglet in the form of dextran was carried out in the second group of 30 piglets. The third group of 20 piglets did not receive any iron in the first three weeks of life. On day 21 they were given 200 mg Fe 3+ /piglet by i.m. injection. From day 7 all piglets had access to drinking water and to a feed mixture for piglets that contained 248 mg Fe/kg. This feed was also administered in the first week after weaning, i.e. until day 35 of piglet life. Blood samples from the vena cava cranialis were taken on days 7, 14, 21, 28 and 35 in all groups of piglets. The following indicators were determined in the blood samples: haemoglobin concentration (Hb), packed cell volume (PCV), red blood count (RBC) and plasma iron concentration. Other haematological parameters were calculated from the basic data: mean corpuscular volume (MCV), mean corpuscular haemoglobin concentration (MCHC) and mean corpuscular haemoglobin (MCH). Piglets were weighed after birth and on days 7, 14, 21, 28, and 35 of their life. Student's t-test was used for statistical processing of all data by the programme Microsoft Excel 7.0.
Results
The results are presented as mean values and standard deviations of each index in Fig. 1-8 . Group 1 = lactate group, Group 2 = dextran group, Group 3 = anaemic group. Values with *p < 0.05 and ** p < 0.01 express significant difference between dextran group and the two other groups. At the end of the first week of life the highest values of Hb, PCV and MCH were measured in the piglets of lactate group (Figs. 1, 2, 5). They were significantly higher than the values determined in the piglets of dextran group, and especially than in control piglets without supplementation. As expected, in this so called anaemic group there was a further decrease in all examined values in the subsequent two weeks of experiment (Figs. 1-6). In 14-days-old piglets a significant difference between the two groups with different supplementation was recorded in the plasma Fe concentration. The piglets of lactate group maintained the Fe concentration on a more significant level (p < 0.01) (Fig. 7) . The red blood count of these piglets was also temporarily higher than in the piglets of dextran group (p < 0.01) (Fig. 3) .
The above-mentioned differences disappeared in the next age group of three-week piglets and both experimental groups had almost identical values of all examined parameters (Figs. 1-8) . A decrease in some haematological values was found in the lactate group on day 28 of life. E.g. Hb concentration in blood (Fig. 1) , PCV (Fig. 2) , MCV (Fig. 4) and MCH (Fig. 5 ) decreased significantly. As the dextran-Fe piglets did not show a similar decrease, there arose significant differences between the two groups. They were in favour of the dextran group in which these values were maintained on a significantly higher level including the plasma Fe concentration (p < 0.01) (Fig. 7) .
In the last age category of 35-day piglets the above differences continued to exist although the differences in Hb concentration between the lactate and dextran group diminished and those in PCV and RBC disappeared completely (Figs. 1 and 2). In the group of control piglets the administration of 200 mg Fe was followed by a rapid increase in all examined values to the level of experimental groups (Figs. 1-6 ). But the development of body weight of these piglets was considerably worse than in the two experimental groups. Both the lactate-and dextran-supplemented piglets had the identical growth rate for the whole experimental period (Fig. 8) .
Discussion
The administration of lactate Fe 2+ at a dose of 134 mg/piglet on day 3 and 10 after birth positively influenced the development of most haematological indices of piglets in the first three weeks of their life. The found values were not only comparable with data determined in individuals with a single i.m. injection of 200 mg Fe 3+ /piglet but also at the end of the first week they exceeded them significantly in the main parameters. It agrees with the results of Framstad et al. (1997) , who reported that orally administered Fe 2+ was more readily utilisable for haemoglobin synthesis than Fe 2+ given i.m. in the form of dextran. The utilisation of lactate Fe under experimental conditions was tested by Kotrbáãek (2001). He reported a significant improvement of red blood cell indices after single oral dose of 90 mg Fe to one-day piglets. But he accentuated that a prerequisite of its utilisation was the good condition of digestive tract and timely stimulation of its resorptive abilities. According to Dividich et al. (1997) they are conditioned by timely and sufficient colostrum intake. Already within several hours after its ingestion the mucosal layer and particularly villi, which substantially increase the intestinal absorptive area, start growing.
Relatively high doses of lactate Fe were used in our experiments while the first administration of the paste was carried out on day 3 after birth. We decided on a later administration of the paste on the basis of findings of Süveges and Glávits (1976) and of Radostits et al. (1994) , who pointed to a potential hazard of acute iron poisoning. The hazard is imminent especially in newborn piglets with insufficient reserves of vitamin E. The concentration of this antioxidant increases rapidly with colostrum intake (Loudenslager et al. 1986; Kolb and Hoffmann 1989) , i. e. the protection of piglets in the post-colostral period from possible oxidative effects of Fe ions is higher. The absence of any health complications after the administration of Fe paste and favourable development of haematological parameters in the first three weeks after birth documented unproblematic utilisation of lactate Fe supplement.
A sudden decrease in the Hb concentration between day 21 and 28 in the supplemented piglets was somewhat surprising. Even though the average Hb values did not decrease below the level of 80 g/l that is considered as limiting from the aspect of anaemia development (Furugouri 1975; van Kempen 1987) , the simultaneous significant decrease in other haematological parameters reflected a gradual depletion of available iron reserves. This conclusion was drawn from the low plasma concentration of Fe and from a decrease in MCV, PCV and MCH. According to Dubansk˘et al. (1997) development of microcytic anaemia is one of the early symptoms of Fe deficiency in the organism. Even though these changes did not influence the growth rate of piglets, they indicated undoubtedly that the Fe reserves constituted by the administration of paste on day 10 after birth were no longer sufficiently high to cover its requirement fully between day 21 and 28 of life as it was in DeFe-treated individuals.
To explain this fact it is necessary to describe in greater detail the mechanism of Fe absorption from the intestine and its further possible metabolic transformations in the organism. Orally administered Fe 2+ can be oxidised to Fe 3+ while less readily utilisable ferritin is formed. It happens under an increased supply of Fe or under its lower transfer from the cells of intestinal mucosa to blood. Ferritin as a depot compound is accumulated in enterocytes and passes into the intestinal lumen through their desquamation. If Fe is not absorbed, it leaves the organism in excrements. An accompanying phenomenon is tough dark-coloured faeces of piglets. Under increased erythropoiesis Fe 2+ without transformation to depot intestinal ferritin is transported into blood directly, and bound to transferrin it is carried to the bone marrow, liver, spleen and other organs (Pallister 1999; Andrews and Smith 2000) . It can readily be used for the synthesis of haemoglobin and myoglobin or stored. The above analysis shows that for more efficient utilisation of lactate Fe the second administration of paste should be postponed to the beginning of the third week of life. It is the time of intensive growth of piglets. Depot Fe is mostly utilised at that time because its intake with feed is not sufficient for the time being (Steinhard et al. 1984) . The postponement of the second administration of paste to this period or an increase in the administration dose of Fe would undoubtedly be advisable from the aspect of physiological needs of piglets in the last week of their suckling life.
Other changes in the examined values were found out on day 35, i.e. at the end of the first week after piglet weaning. Even though the dextran piglets still had higher values of some parameters than the lactate group, the differences started diminishing. For example, Hb concentration increased to ca. 100 mg/l in the lactate group while RBC and PCV increased to the level measured in piglets with the i.m. administration of Fe. It was obviously the effect of dietary Fe that covered the Fe need of piglets due to the content of 248 Fe/kg feed and its regular intake. As expected, typical symptoms of anaemia occurred in the control group. It is interesting that they appeared at the end of the first week of life, becoming more severe in subsequent 2 weeks. It was also confirmed by the conclusions of Svoboda and Drábek (2002) that piglets should be administered Fe before day 6 after their birth to prevent anaemia. Although all haematological values rapidly changed towards the physiological values after DeFe administration on day 21, the somatic development of these piglets continued to lag behind the two experimental groups.
A conclusion can be drawn from the experimental results that the oral administration of lactate Fe 2+ on day 3 and 10 after birth had positive effects on haematological values of piglets in the first three weeks of their life. In this supplemented group a decrease in most examined values was observed at the end of the fourth week; we believe that this decrease was connected with depletion of available iron reserves. Even though it did not influence the growth of suckling piglets and was partly compensated for at the end of the first week after weaning, it should be prevented. It is advisable to postpone the second administration of lactate Fe paste to the beginning of the third week of piglet life.
Vliv perorální aplikace laktátu Ïeleza na v˘voj hematologick˘ch ukazatelÛ selat v ãasném postnatálním období
Cílem práce bylo zjistit úãinek perorální aplikace laktázové pasty (LaFe) na postnatální v˘voj hematologick˘ch parametrÛ selat. Prvá skupina, 39 selat, obdrÏela 3. den Ïivota 134 mg/kus Fe 2+ formou LaFe. Stejná aplikace se této skupinû opakovala u selat 10denních. Druhé (DeFe) skupinû (30 selat), bylo aplikováno 200 mg Fe 3+ /kus i.m. ve formû dextranu Ïeleza. Skupina 20 selat slouÏila jako kontrolní anemická skupina. Na konci prvního t˘dne Ïivota nejvy‰‰í hodnoty Hb, PCV a MCH byly zji‰tûny u laktátové skupiny (p < 0,01). Ve vûku 14 dní byly v laktátové skupinû zji‰tûny vy‰‰í poãty RBC a vy‰‰í konemtrace plazmatického Fe. Dvacát˘ osm˘ den Ïivota byly nalezeny v˘znamné vy‰‰í hodnoty vût‰iny hematologick˘ch ukazatelÛ selat s i.m. aplikací dextranu Ïeleza (p < 0,01). Mezi obûma skupinami nebyly zji‰tûny rozdíly v intenzitû rÛstu. U kontrolní skupiny byla jiÏ v 7 dnech Ïivota anémie.
Aplikace laktátové Fe pasty selatÛm 3. a 10. den po narození pozitivnû ovlivÀovala jejich hematologické ukazatele v prv˘ch tfiech t˘dnech Ïivota, ale ve 4. t˘dnu se projevily znám-ky vyãerpání rezerv Fe.
